ABSTRACT
INTRODUCTION
Solar energy applications have been increasing gradually throughout the world. This is due to the decrease in the cost of PV panels with the increasing demand, and the increase in duration of use (lifetime). Photovoltaic is very competitive in areas far from the conventional electricity network. However, its exploitation requires a conception and implantation of a production system which also require a good sizing in order to avoid losses or lack of energy.
The evaluation of the maximum power produced by a PV generator is very important to size a PV system. Several models have been developed to determine the maximum power produced by a PV generator. In general, two main approaches are found in the literature [1, 2]. The first approach requires taking some measurements once the PV generator is installed.
This is the case of Sandia and Cenerg models [3] . The second approach consists in using solely the data provided by the manufacturer; e.g. of Borowy and Salameh's model [4] and the model of Jones et al [5] . Modeling a PV generator needs to evaluate the different parameters of the module. The number of theses parameters varies with the type of module. In this study a one diode PV generator with five parameters is used.
Generally, the five parameters determination of a one diode PV generator is difficult due to the exponential equation of the diode p-n junction. The commonly used methods to determine these parameters are the analytical method, but recently novel techniques using computational intelligence algorithms have been carried out such as cuckoo search (CS) [6] , pattern search (PS) [7] , Chaos Particle Swarm Optimization (CPSO) [8] , genetic algorithm (GA) [9] , fuzzy logic (FL) [10] , artificial neural network (ANN) [11, 12] . The analytical method based on datasheet is used in this work.
In ref.
[2], a data-based approach has been presented to estimate the maximum power of the PV generator. An iterative method was used to solve the nonlinear equation of the maximum current, obtained by the derivative of power with respect to voltage.
In this work to get round the nonlinearity difficult of the maximum current equation, are both used the derivative of power with respect to current and limit development, in order to estimate the maximum power of the photovoltaic generator.
To prove the efficiency of the proposed model, a comparison is doing with the data provided by the manufacturers for two types of photovoltaic panels.
PRESENTATION OF THE METHOD

Modeling of the photovoltaic generator
In the literature, two main electric photovoltaic generator models exist; namely the one and two diodes models, with three or several parameters. In this work, a one diode photovoltaic module with five parameters whose equivalent diagram is presented in figure 1 is studied. The five parameters here are: I ph , R s , R sh , I 0 , and n. The current produced by the generator is obtained from Kirchhoff's laws as follows:
The diode current can be obtained through Shockley equation as follows [13] :
While the shunt current is given by the relation:
Replacing (2) and (3) into (1) give the photovoltaic current as:
In practice shunt resistance has a high values, therefore the term 0
2.1.1. Determination of the PV generator parameters 2.1.1.
Evaluation of I ph
The light current I ph depends on both irradiance and temperature. It is given by [13, 15] :
Evaluation of I o
The reverse saturation current depending of cells temperature is given as follows [13, 15] :
At the open circuit voltage, I=0, V=V oc and I ph =I sc :
, 0 exp 1
So the nominal saturation current is obtained through:
By replacing the eq. (9) into eq. (7) one gets:
Evaluation of R s
Various techniques have been used to determine the series resistance R s [16] [17] [18] [19] [20] . In this work the series resistance is evaluated as follows: 
At the maximum power point, I=I mp , V=V mp :
( ) 
The reverse saturation current I o for any diode is a very small quantity, on the order of 10 -5 or
. This minimizes the impact of the exponential term in Eq. (13), so it is safe to assume that the photocurrent equals the short-circuit current [22] . Another simplification [23] can be made regarding the first term in eqs. (8) and (14) . In both cases, regardless of the system size, the exponential term is much greater than the first term. 
Combining (16) and (17), the ideality factor is evaluated as follows:
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Maximum power point determination
By using the expression of the PV current defined by eq. (5) 
The electric power produced by the generator is given by:
.
By replacing (19) into (20) 
From the function P = f (I), the extremum is obtained by the resolution of the equation 
In the above equation (22), 
By replacing equation (24) into equation (22) 
To solve this equation of the second degree let's put:
The eq. (26) could be rewritten as follows:
The resolution of eq. (30) permits to obtain the following solutions:
I max , V max , and P max are respectivement the maximum current, the maximum voltage and the maximum power.
I ph, I o , R s , n and C are respectively given by equations (6), (10), (12), (18) and (23).
RESULTS AND DISCUSSION
The chosen points for the parameters determination under reference conditions are mainly: the short-circuit current (0, I SC ), the open-circuit voltage point (0, V oc ), and the maximum power point (I mp , V mp ).
For various conditions (considering the variation of the temperature) the peak power and the peak-power voltage are extracted from the manufacturer's datasheet by considering the temperature coefficients of these two variables.
For the simulation, two electric PV modules for different technologies were used; these include multi-crystalline silicon and mono-crystalline silicon, namely, Shell S75 and Shell SP70, respectively. = , which has been found as the best solution.
The comparison between the simulation and practical data [24] using a typical multicrystalline solar module (Shell S75) is illustrated in Table 1 . The results show that the average relative error on peak-power voltage is 2.343475% and the average relative error on peak power is 0.89645%.
The comparison between the simulation and practical data [24] using a typical mono-crystalline solar module (Shell SP70) is illustrated in Table 2 . The results show that the average relative error on peak-power voltage is 1.442225% and the average relative error on peak power is 0.358175%. 
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